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Eur opean Researchers aedso Working on
onn netic Aappng Wngs

For example, the German
Ingenieur-biiro in Diisseldorf is
working with the University
Saarbriicken to develop a 2:1
scale prototype Bee wing
operating at frequencies up to
150 Hz. This wing is
kinematically similar to that of a
bee, taking into account
rotational modes and resonance.

UK researchers at Department of

Aerospace Power and Sensors at . e
Cranfield University, Shrivenham Replicating the degrees of freedom

campus are similarly workingon  Of the insect wing becomes more
kinematically correct wing difficult to actuate as the scale is
flappers. decreased.

The “Big Three”

Three maj a rod emareas assoc-
ided wth ird a imsedt-li ke (9 ze

constra ned) nachi nes

e Non-Scaling Items
e Energy Storage
e Propulsion
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be connected to a power source via a cord)
since a still-unsolved problem for the SRI
team is a power supply. There aren’t any
batteries small enough or powerful enough
to fuel such a bird. Right now, a normal AA
battery would power the device for just 30
seconds. Dr. Shastri says batteries exist in
the lab that are as much as 100 times as
powerful, but concedes that added break-
throughs are neceqqary before a usef ul dg




21st Century Aerial Robotics

MAYVs

Shirtbution

+ 2cm diameter
+ 3mm thick

M " ( ""'—__Q !
+ Si or SiC compasition

GOALS

Far term:

100 W with hydrocarbon fuels

Injectors Ditfuser Rotor

Manifold

!
1 !) "
N ——
Near term: = —

10W electric power or
0.1N thrust at 15 gm/hr H,

G—=

 —

Fuel  Com pressorki“’”e”'
nerator

Vanes Blades

Combustion
Chamber

Turbine ./ Turbine

otor

Nozzle Rotor Exhaust Centerline of Technology 8th Intl. Sympesium on Transport Phencm-

na and Cynamics of Rofating Machinary (ISROMAC-8),

Vanes  Blades Nozzle o©f Rotation Honolulu, H. March 2000

Mini Diesel Cycle
Internal Combustion Engine
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M chd son's AphorigicDecd ogue of Highit B om netics

Biomimetics is a good starting point.

Strict adherence to biomimetic “guidance” can result in non-optimal
performance solutions or unmanufacturable systems.

Thinking outside the box is always desirable, but sometimes optimal
solutions fall within “the box”.

Biomimetic point solutions may not be practical apart from the “system”.
(They typically work in concert with each other synergistically).

Simply being able to beat wings isn’t enough— one must be able to
develop the power necessary to fly.

Biomimetic flapping is structurally complex, leading to difficulties in
flight control, manufacturing, and weight.

Means to control stability and to navigate are non trivial.
Poor integration of all flight systems leads to unmanageable weig

Designs which do not capitalize on resonance waste energy.

. The average power density for present battery technology is marginal for

small scale flapping wing flight.
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Reciprocating Chemical Muscle
(RCM) Testhed

€1997 Robert Michelson
and Stanley Leary

GK: en, in + temnein, to cut (in ref. to an
insect’s segmented body) + pteron, wing
i “insect wing”, or robotic insect

Reciprocating Chemical Muscle (RCM)
(First Generation Testbed)

© 1997 Robert Michelson
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Second Generation Reciprocating Chemical Muscle

©1998 R. C. Michelson
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RCHM Components ~pee iz
D esc mpt‘on Mesoscaied Aevial Robot

Third Generdi on RCM

Function:
Assembly Body
with Integrally-
Drilled Porting and
Gating

+ Body made of S5347,
annealed.

W IHS

* Port barbs; plated
brass.

RCM BLOCK (assembled unit)

ETS LADS - UmUErsTIADCa T e R | Rt

@PDSO  muHTHIE

4™ Generaion RCM

Funded under the Air Force Revolutionary Technology Program

M braioness B-drediond longtudnd ad udion
Sroke 02661 nch
Maxi mum Qperding Gas Tenperaue 1364 °F

Frequency Response (strokes' second) 15 - 68 H
Sdic Sroke Force 17.8 oz

Duty Gde 100%
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Fuel Storage Cartridge

Wing modeled after
that of the Hawkmoth
(Manduca sexta)

Reciprocating
Chemical Muscle
Actuator

Kinematically-correct
Stereolithographic

15 cm wingspan
Entomopter

Tech

GeorgiaJ‘
i

R C. Michelson

The Btomopter flgs
w ngsliked!l aegues
whi chfly, bu wtha

new“twg” ...
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Innovative

i : ; = MAR
W’ng Ktnemat‘cs Mesoscaled Aevial Robot
+ Clever tandem X-Wing design

 DARECTIGH/OF is longitudinally stable.

+ Wing dihedral results in roll
stability even during flapping.

ﬂ 0° TWIST
| ‘

st —
| L
\.__R

+ 180° phasing of wings allows
torsional resonance in airframe
with stationary central fundam-
ental node.

+ Linear muscle drives wings
with simple cam-follower.

+ Wing flapping achieved with one
moving part.

« Simple autonomic wing flapping
TORSIONAL reduces parts count and greatly
i enhances manufacturability.

TS Labs - UmversitvoiCainng 190 e nl| e
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The Btonopter uses Resonanace j ust
likeinsedsand rds...

Ent onopte b onneti ¢ wng shape
insgredby. Manducasexta

(the “ Tobacco Hornwor ¥, a “Hawk not h")

The GTRI research team includes biologists from Cambridge University, England
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Fused Deposition Modeling (FDM) Wing Structure

FDM Wing with Interstitial Airfoil

Stereolithographically

Grown Wing Structures 997 Robert Michelson
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The Btomopte uses
Echd ocaionli ke a Ba

>

Innovative

Obstacle Avoidance
& Altimetry

- Gas used to drive wings
can be reused to create
ultrasonic ranging
signals.

» Wing and fuselage motions
provide scanning mechan-
ism for ultrasonic beam.

Altitude

@ DSO  wonh R R

- MAR

Mesoscaled Aevial Robot

» FMCW waveform allows

Doppler insensitive
range measurements.

R-a ﬂge -

BN %) e
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Mul ti node BEtonopte: Hies
and craws as do dl flying *

Innovative

Multimode Locomolion

The MAR not only flies, it can crawl or swim using the same
Reciprocating Chemical Muscle kinematics. The MAR can crawl

~ i

Mesoscaled Aevial Robot

by two mechanisms depending on the surface:
Low Relief Crawling

High Relief Crawling
Active Legs —

BOTTOM VIEW

Steering
Diverter

i -q—)-—/

@ DSO  muh RO

- Unuersity

Passive Legs

BOTTOM VIEW

BN >

Steering

FizEsaTrER

Tusiff
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Innovative Energy Use ~ < 22m

(“waste not... want not”) Mesmseaied Acrint febor

1. Gas is used to flap wings

. i - mainly extracting heat ene ;

+ Gas created in the Reciprocating > {Therr:oelecmc :enerator o)
Cheml?al Musclp is reused _S!X ' scavenges waste heat from exo-
more times for different functions  thermic decom position of fuel
prior to expulsion: to create electricity.

3. Waste gas velocity used to
resonate whistle cavities to
create ultrasonic FMCW
emissions for altimetry and
obstacle avoidance.

4. Waste gas velocity used to
entrain external air through
FMCW Ranging ejectors to increase mass flow
while dropping pressure and

cooling gas.

Mass Flow Amplification 5. Waste gas/entrained flow drives
“air” bearings on wing and
plenum shuttles.

“Air” Bearings W Lift Augmentation Blowing -RAVERE gas/entrained flow fed
to wing slots via valves for
“blowing” to modulate lift.

Directional Discharye 7. Any excess gas finally dumped
as jet thrust.

Thermoelectrics

AICCHN ETS LAbS

fi”

Q.m FronEaTreEh
Insifingis

BASED ON

MARS FLYER ENTOMOPTER

TECHNOLOGY

yA INSTITUTE FOR ADVANCED, CONGEPTIS-EUNDED PROGRAM

NTLY IN PHASE Il DEVELOPMENT)
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Why
Entonopters?

* Sowflight
ispossde
in Mars
a nosphere

 Abnor ndlly
Hghlift &
low Reynd ds
nu rber

* Anaerohic
propuson

sysem

e Capabed
land ng and
taki ng of
from Mars
surface

Entonopters scd edfrom* nmicro’
to“mn” wll exend the reconna ssance
swat h and nisson dur ati on by wor ki ng
incon unctionw th arefuding rover.

Ent onopt er- Based Mars Refud er Land ng Sequence
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©2001 R. C. Michelson
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